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Project Description 




Thermal Protection Systems Aero/Aerothermo Enhancement 

(ARC Lead) (LaRC Lead, No FYOO Funding) 

3rd Gen Airframe/TPS: 

Airframe Technology Elements 





Airframe Technology I TWG 

LaRC Lead I. (Government 

David Bowles, Project Manager I & Industry) 


El 3 

<5 S d 

!l 1 « I 

^ “ <D <D 

® 03 — 1 yj 

W 0 ) 9 - 

J- <D ££ t3 
O) i_ 03 O 

53 J Ji 

= O J, 

Q W 0 



1 - I 

"2 - 
2 «o ,u 

2 ® DC » 

0 ) Q «j £ 
<D — 1 L 
ro 


Airframe Organization and WBS 











♦ Integrated Design & Analysis 
• Dr. James H. Starnes 
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Element Lead Contact Information 



. Dave Bowles (Acting Chair), Project Manager, LaRC 
. Jim Starnes, Integrated Airframe Design Element Lead, LaRC 
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Top Level Budget Summary 
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Contribute to the increased safety and 
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Reduced Cost ($1 00/lb) 

Increased Safety (LOC/LOV 1 in 10 6 ) 
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Contribute to lOOx cost reduction and 10, OOOx safety 
improvement goals 
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♦ Goals 

• Contribute to lOOx cost reduction and 10 , OOOx 
safety improvement goals 

♦ Objectives 
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Increased TPS safety, reliability, operability, and 
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Contribute to lOOx cost reduction and 10, OOOx 
safety improvement goals 
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• First transition analysis com pi ete( 12/05) 

• Tools for rapid design reducing design 
cycle time by 40% (6/06) 

3rd Gen Airframe/TPS: 

Enhanced Aero/Aerothermo 
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♦ Overall Project Level Risks 

Objective: Develop and demonstrate 3rd generation airframe 
technologies that provide significant reductions in cost of space 
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♦ Focus on those activities that will be continued/built upon in FY01 
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PMC Damage Tolerance and Repair 
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PMC Damage Tolerance and Repair 
Current Program Status 
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PMC Damage Tolerance and Repair 
Current Technical Status 
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PMC Damage Tolerance and Repair 

COMPARISON OF COMPRESSION-AFTER-IMPACT STRENGTH RESULTS FOR 

CURVED THIN PLATES 

AS4-3502 Prepreg Tape Material 
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PMC Damage Tolerance and Repair 

DEVELOPED NONLINEAR ANALYSIS METHOD FOR ACCURATELY 
DETERMINING IMPACT RESPONSE AND DAMAGE INITIATION 
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PMC Damage Tolerance and Repair 

APPROACH FOR DELAMINATION GROWTH VERIFICATION TESTING 
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♦ PMC Damage Tolerance & Repair 

• POC - Dr. Damodar R. Ambur/Dr. Tom S. Gates, NASA LaRC 
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MECHANICS TECHNOLOGY FOR PROGRESSIVE FAILURE ANALYSIS 
♦ Embed progressive failure criteria and material degradation models 
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COMPRESSION-LOADED POSTBUCKLING COMPOSITE PANEL 




CO 

o 

o 


<o 

o 


o 


CM 

O 


sqi ‘peon 




< 


C/2 

X) 

(D 

Lh 

X 

0 

CD 

<D 

1 

<D 

-4— » 

Cb 

C 

< 

HH 

< 

CD 


O 

On 

if' 

• ^ 

,g 

W— i 
-4-4 

<3 

<D 

•t} 

X 

s 

03 

pH 

02 

3 

O 


<N 

II 

bO 

C 

9^ 

o 


wo 

73 

*2 

c3 

© 

o3 

(D 

5-4 

o 

T3L 

CD 

O 

S-H 

■4— » 

o 

X 

# 

02 

(D 

00 

u 

<D 

CD 

<D 

i-l 

3 

• f-N 

ts 

o 

X 

02 

T3 

d 

ts 

-4-j 

o3 

o3 

C 

CM 

o 

00 

CD 

Ph 

w 



i b w) 

22 -8 
| ooo 




CO 

fH 

CO 

o 


sae® 

i 

i 


1 

Si 


811 

II 

****** 

i 

I 


& 

51 


SB8 

if 

3£3B 

s 

a 


V 

§s 


8Si 

It 

JJjJ 

M 

s 


s 

li 


8 M 

ii 

hi^si 

8 

i 


« 

s# 


m 

ii 

s;srsi 

35 

8 


1 

si 



II 

mm 

n 

S 


8 

ss 


Hi 

IS 

mm 

» 

8 


8 

gi 


»Ri 

El 

mm 

8 

1 


1 

ii 


SS8 

El 

mm 

8 

S 


i 

is 


ill 

IS 


L 


05 

<d 


73 

JD 

03 

PD 

•4—* 

C 

CD 

CD 

5-4 

CD 

CD 


Oh T3 

? ,2 
CD *2 
02 3 

O PD 

u 's 


c 

o 

bO 

<D 



<u .s 3 £ 

73 .. M <d 
O g O £j 

2 .S =* «j 

^ J W &H 



Integrated Design and Analysis 






Safe Structures Design Technologies 



Integrated Design and Analysis 




Safe Structures Design Technologies 

UNSTIFFENED PANEL LOADED IN PICTURE FRAME SHEAR 

Panel size: 12-in. by 12-in.; Thickness: 0.0896-in. 

Stacking sequence is [± 45/0/90] 2s l 

E,i = 18.5 Msi, Eoo = 1.67 Msi, G„ = 0.87 Msi, Failure Load: 
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EFFECTS OF MANUFACTURING UNCERTAINTIES ON 
COMPOSITE CYLINDER AXIALCOMPRESSION RESPONSE 

Cylinder is 16.0-in. long; 16.0-in. diameter 
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EFFECT OF MANUFACTURING UNCERTAINTIES ON 
COMPOSITE CYLINDER AXIAL COMPRESSION RESPONSE (Contd.) 

Load Vs. End-shorteninq Results Load Vs. Axial Strain Results 
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EFFECT OF MANUFACTURING UNCERTAINTIES ON 
COMPOSITE CYLINDER AXIAL COMPRESSION RESPONSE (Contd.) 
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EFFECT OF MANUFACTURING UNCERTAINTIES ON 
COMPOSITE CYLINDER AXIAL COMPRESSION RESPONSE (Concluded) 
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NEAR-TERM PLANS 

♦ Conduct inplane shear tests on stiffened and unstiffened 
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♦ Resins for transfer molding or infusion processing 
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High Temperature RLV Tank Concept 
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♦ Resins for transfer molding or infusion processing 
• POC - Paul M. Herqenrother, NASA LaRC 
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Accomplishments, RTM/RI Resins 
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Chemistry of PETI-298 



O 



Comparison of PETI Oligomers Prepared 
From 1 ,3,3 aijd 1 ,3,4 - j|\PB 
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Photomicrographs of PETI-298 Laminates Fabricated 
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Mechanical Properties of AS-4/PETI-298 Fabric Composites 
Fabricated Via Resin Transfer Molding (8 ply) 






Mechanical Properties of IM-7 PETI-298 Stitched Composites 

Fabricated Via Resin Infusion (36 ply) 
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PETI-298 cured 1 hr @ 370°C, postcured at 370°C, Tg = 338°C (Panel 36 ply x 22”x 22”, stitched) 

BMI 5270 cured 4 hr @ 190°C, postcured at 232 and 260°C , Tg = 299°C 

3rd Gen Airframe/TPS: 

Int. Thermal Structures and Materials 







♦ Resins for transfer molding or infusion processing 
• POC - Paul M. Herqenrother, NASA LaRC 
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LaRC PETI-8 



co 


S 

2 

c 

CD 

CD 

■5 

co 


I 


Int. Thermal Structures and Materials 



Cytec Fiberite Results for PETI-8 Bonding 

Evaluated 550°F, 575°F and 600°F cycles from 4-12 hours under vacuum 
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♦ Resins for transfer molding or infusion processing 
• POC - Paul M. Herqenrother, NASA LaRC 
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Accomplishments, ATP with E-Beam Cure 
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♦ Products/ Benefits/Payoff: 

• Validate the cause of low performance in 
E-beam cured graphite/epoxy composites 
and investigate methods for improving 
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